Recent studies with brain magnetic resonance imaging (MRI) have scanned large numbers of children and adolescents repeatedly over time, as their brains develop, tracking volumetric changes in gray and white matter in remarkable detail. Focusing on gray matter changes specifically, here we explain how earlier studies using lobar volumes of specific anatomical regions showed how different lobes of the brain matured at different rates. With the advent of more sophisticated brain mapping methods, it became possible to chart the dynamic trajectory of cortical maturation using detailed 3D and 4D (dynamic) models, showing spreading waves of changes evolving through the cortex. This led to a variety of time-lapse films revealing characteristic deviations from normal development in schizophrenia, bipolar illness, and even in siblings at genetic risk for these disorders. We describe how these methods have helped clarify how cortical development relates to cognitive performance, functional recovery or decline in illness, and ongoing myelination processes. These time-lapse maps have also been used to study effects of genotype and medication on cortical maturation, presenting a powerful framework to study factors that influence the developing brain.
Introduction
Human brain development is a structurally and functionally non-linear process (Johnson, 2001; Thatcher, 1992; Thatcher, Walker, & Giudice, 1987) and most major neuropsychiatric disorders are now thought to arise out of deviations from normal brain development, suggesting a neurodevelopmental basis for these disorders. It is therefore important to study both normal and abnormal brain changes with age in order to understand how major neuropsychiatric disorders emerge (Schlaggar et al., 2002; Stiles, 2000) . Postmortem studies provide information at molecular and cellular levels, but are limited by the scarcity of human brain tissue, inability to provide information during life, and the inability to use longitudinal designs. Noninvasive brain imaging, with recent advances in the resolution of MRI and in mapping methodology, provides a unique alternative to study brain development during life, allowing studies that assess the same individual or group of subjects repeatedly. This allows the dynamic trajectory of an illness, or the profile of cortical development throughout childhood and adolescence, to be visualized as a time-lapse map, presenting statistics on the 3D profiles of brain changes at different ages (Gogtay, Giedd et al., 2004; Gogtay, Greenstein et al., 2007; Gogtay et al., 2008; Thompson, Mega, Vidal, Rapoport, & Toga, 2001; Thompson, Vidal et al., 2001) . Earlier brain imaging studies using prospective anatomic MRI scans measured gray and white matter changes that were summarized for individual lobes of the brain. While providing new insights, these lobar volume measures were limited by the lack of fine-scale details at sub-regional levels. These region-of-interest measures, for example, could not generally establish whether the functionally distinct sub-regions within a cortical lobe had structurally distinct developmental trajectories. They could not detect sweeping waves of dynamic changes that spread across the cortex, and were relatively insensitive to effects that did not coincide neatly with lobar boundaries. These limitations were overcome by more recent techniques that allow the measurement of cortical thickness or gray matter density at individual voxel locations in the image (e.g., voxel-based morphometry, VBM) (Ashburner et al., 2003) or across surface models of the entire cortex (Luders et al., 2005; Thompson et al., 2004 Thompson et al., , 2005 . Thus, ideally, using both global/lobar measures and GM density/thickness measures in a complementary way can provide clearer understanding of brain development.
By aligning images from multiple subjects to a common reference brain or coordinate system, statistical maps can be made to show the evidence for group differences in gray matter at each location in the co-registered images. Additional detailed maps can 
